90	RAYS OF POSITIVE ELECTRICITY
spectroscope and towards the red end when they were reced-
ing away from it, indicating that some though not all of the
systems emitting these lines were moving in the direction of
the rays with velocities sufficient to give an appreciable Doppler
effect A closer examination of these lines brought out some
interesting details which are illustrated In Fig. 45, Plate IV.,
taken from a photograph by Stark of the hydrogen line Hy.
It will be noticed that though the displaced line is broadened
out into a band, this band does not begin at the undisplaced
position of the line, but is separated from it by a finite distance.
The alteration AX in the wave length X of a line given out by
a source moving towards the observer with a velocity v is by
Doppler's principle given by the equation
AX _ v
IT ~ 7
where € is the velocity of light. In the case of these small
displacements we may take, where we are dealing with one
line in the spectrum, AX as proportional to the displacement
of the line, and we may also use this -equation to determine v
the velocity of the particle emitting the line. The fact that the
fine line is displaced into a broad band shows that these
velocities range over somewhat widely separated limits: this
is quite in accordance with the results indicated by the photo-
graphs of the positive rays when deflected by electric arid
magnetic forces. We saw that the parabolic arcs were of con-
siderable length, and therefore were produced by particles
moving with a wide range of velocities. The dark space
between the undisplaced line and the band indicates that the
moving particles do not give out the lines unless the velocity
exceeds a certain value. According to Stark and Steubingl
this limiting velocity varies with the different lines of the
same element, increasing as the wave length diminishes. The
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